Abstract.-A number of homologous SV40-exposed hamster embryonic cell lines were examined for the presence of RNA complementary to SV40 DNA. Only those lines containing the SV40 T antigen were found to have such virusspecific RNA. In lines containing the SV40 S antigen, but not the SV40 T antigen, virus-specific RNA was not detected. These findings suggest that the S antigen is not coded for directly by the SV40 genome.
A new and apparently virus-specific antigen associated with the surface of SV40-transformed hamster cells1 and of cells acutely infected by SV40 virus has recently been described.2 Diamandopoulos et al. have shown that this new antigen (S antigen) appeared in hamster embryonic cells transformed by SV40 virus, but not in homologous "spontaneously" transformed cells.3 Although these observations suggest that S antigen production is specifically dependent upon exposure to the virus, they do not distinguish between two possible mechanisms: the derepression of host genetic information or the persistence and function of viral genetic information. It should be possible to decide which of these mechanisms may be operative by assaying for virus-specific nucleic acid in the appropriate cell lines. In order to make potentially meaningful biochemical comparisons between cell lines, it is important that significant differences in growth characteristics and genetic background be minimized. The hamster embryonic cell lines of Diamandopoulos et al.3 meet these criteria and thus offer an opportunity to study the nucleic acids of homologous cells, maintained under the same conditions, which have become oncogenic spontaneously or have become oncogenic after exposure to SV40. Some of these lines contain both the SV40 tumor (T) and S antigens, some contain only the S antigen, while others contain neither the S nor the T antigen. We have examined several of these cell lines for the presence of virus-specific nucleic acids. The findings are summarized in this communication.
Materials and Methods.-Cell lines: The tumor cell lines employed in these studies were derived from the first hamster passage of SV40-exposed or unexposed hamster embryonic cell lines (E, M, P, and 2Ps).3 Aliquots of each tumor cell line were thawed and propagated in 32-oz. glass bottles in a modified Eagle's medium4 containing four times the usual concentrations of vitamins and amino, acids, glutamine (8 mM), penicillin (100 units/ml), streptomycin (100 jg/ml), and 10% unheated fetal bovine serum. Large roller bottles (Bellco Glass Co., no. 7013) were seeded with 30-50 X 101 cells in 120 ml medium. The bottles were rolled at 0.9 rpm (Bellco cell production apparatus No. 7510) at 370C and the medium was changed at 3-day intervals until confluent monolayers were formed. Included in the study were tumor cells from two SV40-exposed lines that contained both the S and T antigens, from two SV4O-exposed lines that contained the S 589 MICROBIOLOGY: LEVIN ET AL.
antigen (but which were T antigen-negative), and from two spontaneously oncogenic control lines ( Also studied were a virus-free line of SV40-transformed hamster embryo cells (line 2675) containing both the S and T antigens and yielding infectious virus on cocultivation with AGMK cells, and a virus-free line of SV40-transformed mouse cells (line 479) yielding virus on cocultivation with AGMK cells.6
All lines were periodically examined for T antigen by fluorescent antibody staining7 and tested for S antigen.8 They were all shown to be free of detectable mycoplasmas when tested in Hayflick's medium. 9 Radiolabeling of RNA: Roller bottle cultures were refed 1 day after reaching confluence; 18-22 hr later, the cultures were drained and refed with 40 ml medium containing 50 ,uc/ml of uridine-5-H3 (Nuclear-Chicago Corp., 15.3-29.6 c/mM). After 6 hr of additional incubation, the bottles were drained, washed with 50 ml of iced 0.25% trypsin, and trypsinized with 12 ml 0.25% trypsin at 370C. When the cells were detached (ordinarily within 5-10 min), 1 ml of cold fetal bovine serum was added, and the cells were decanted into an iced centrifuge tube and counted. They were then centrifuged at 1200 rpm in an International centrifuge (PR-2) for 10 min at 40C and washed with 40 ml iced 0.85% NaCl. There was no significant loss of acid-precipitable radioactivity into either the trypsin or NaCl wash supernatants.
Extraction of radioactively labeled RNA: In the RNA extraction procedure, the methods described by Scherrer The RNA was dissolved in 5 ml of Tris buffer, 10 ,ul of 1 M magnesium acetate and 100 ug of electrophoretically purified deoxyribonuclease (Worthington Biochemicals) were added, and the mixture was incubated for 15 min at 370C. 75 ,ug of subtilisin (Nagarse, Enzyme Development Corp.) was added and the incubation continued at 370C for an additional 5 min. The reaction was terminated with 0.5 ml of 1% SDS and 0.1 ml of 0.1 M EDTA. 10 ml of Tris buffer and 1.5 ml of 5 M sodium chloride were added and the mixture was extracted at 600C with 1/2 vol of phenol: m-cresol for 3 min. The RNA was precipitated with 2 vol of 95% ethanol, and the final pellet was dissolved in 2X SSC (SSC: 0.15 M sodium chloride and 0.015 M sodium citrate, pH 6.7) containing 0.05% SDS.
Preparation of viral DNA: SV40 virus, strain 777,12 was grown in BSC-1 cells"3 and purified from the combined cells and supernatant by methods to be described elsewhere.'4 DNA was extracted from the purified virus by papain digestion followed by SDS-phenol extraction,"5 and was stored at -30°C in 0.1 X SSC.
Detection of virus-specific RNA in transformed cells: The procedure of Gillespie and 590 PRoc. N. A. S.
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Spiegelman"6 for hybridization of RNA with DNA immobilized on nitrocellulose filters was used with slight modifications. Virus or E. coli DNA was denatured in 0.01 X SSC at a concentration of 100 ug/ml by heating in a boiling water bath for 15 min, followed by quick cooling in an ice water-salt bath. The denatured DNA solutions were diluted quickly with cold 6X SSC and filtered slowly through nitrocellulose filters (Millipore Filter Corp., 47 mm, HAWP). Four 13-mm filters, each containing 1.0 ,gg DNA, were punched out of each large filter, dried at room temperature for 4 hr, and baked overnight in a 60'C oven. The hybridization was performed at 600C for 20 hr in 21 X 50-mm capped glass vials containing the tritiated RNA in 2X SSC + 0.05% SDS (final vol was 250 jul). SV40 and E. coli (control) filters were simultaneously present in some vials. The single lot of filter paper used for these experiments retained more than 95% of the DNA filtered; less than 5% of the DNA was lost during a 20-hr incubation at 600C.
After hybridization, the filters were agitated sequentially in three beakers of 2X SSC at 60'C and washed with 90 ml of 2X SSC (60'C) by suction filtration on Hirsch funnels (Coors 4/0). They were incubated with 5 ml of heat-treated (800C, 10 min) ribonuclease solution (containing 20 ;ig/ml of pancreatic ribonuclease (Sigma Chemical Co., type XII-A) and 10 units/ml of ribonuclease T, (Calbiochem, B Grade)) for 1 hr at room temperature. The filters were then washed with 30 ml of 2X SSC (60'C), dried, and counted directly in a toluene phosphor (Liquifluor, Nuclear-Chicago) in a Packard TriCarb scintillation spectrometer. The samples were counted for a sufficient period of time to achieve a statistical accuracy of at least ±2.5%.
In some experiments, the filters were removed from the chilled scintillation vials, and radioactive RNA was recovered by elution with 0.01 X SSC for 15 min at 900C. The eluted RNA was cooled immediately, adjusted to 2 X SSC, and rehybridized with another virus DNA filter for 16 hr at 600C.
Results.-Direct hybridization: With previously described techniques' which utilized spinner cultures as a source of radioactive RNA, we could not consistently demonstrate significant amounts of virus-specific RNA in any of the transformed hamster lines. Therefore, a line of SV4O-transformed mouse cells containing SV40 T antigen and yielding infectious SV40 virus6 was studied to determine optimal growth and labeling conditions. Table 1 demonstrates that labeling the cells as a monolayer rather than as a spinner culture increased the yield of virus-specific RNA 10-20-fold. The average half life of virus-specific RNA (Fig. 1) was 2.1 hours, which suggested that a labeling period of 6 hours, covering three half lives, would provide optimal labeling of virus-specific RNA. radioactive medium was then decanted and 120 ml of fresh medium containing 100 ,ug/ml of unlabeled uridine was added. RNA was extracted from cultures at the times indicated after addition of unlabeled uridine. Total virus-specific RNA cpm bound to 1.0jug SV40 DNA filters was determined, in duplicate, after a 20-hr hybridization as described in Materials and Methods. Each hybridization vial contained 7.5-8.5 X 106 cpm of tritiated RNA in 2 X 12 SSC + 0.05% SDS. Background (cpm bound to 1.0 pug E. coli DNA filters; 1 X 10-4 %) has been subtracted.
Utilizing monolayer cultures and a six-hour labeling period, we examined the transformed hamster embryonic lines for virus-specific RNA. As shown in Table 2 , the RNA from T-S-control lines, which were never exposed to SV40 virus, yielded only 0.1-1.0 net parts per million of the input radioactivity bound to an SV40 DNA filter. However, the SV40-transformed lines, con- taining both S and T antigens, yielded significant amounts of virus-specific RNA. One virus-yielding and two nonyielding hamster embryonic lines had from 5 to 8 X 106 cpm of virus-specific RNA/cell. This amount of virusspecific RNA/cell was three-to fourfold less than the amount found in an SV40-3T3 line that also yielded SV40 virus. In contrast, the S+ but T-lines yielded no virus-specific RNA. Even when the input of radioactive RNA from these cell lines was tripled, no more counts were bound to an SV40 DNA filter than with RNA from the control lines (S-T-) that had never been exposed to SV40 virus.
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Elution and rehybridization: These results were further tested by eluting the radioactive RNA retained on the DNA filters (filter no. 1) and rehybridizing it with new SV40 DNA filters (filter no. 2). This effectively concentrated the virus-specific RNA and markedly lowered the blank, thus allowing the detection of very small amounts of virus-specific RNA. As indicated by Table 3 , in the T+ lines as much as 50 per cent of the tritiated RNA bound to filter no. 1 was subsequently retained by filter no. 2, whereas in all of the T-lines no virus-specific RNA was retained on filter no. 2. This was true whether or not filter no. 1 was treated with ribonuclease prior to elution.
To rule out the possibility that the S+T-cells contained virus-specific RNA with an unusually long half life, or that virus-specific RNA was made only during cell division, we examined RNA from dividing cultures and from cultures continuously labeled for 18 hours. In neither case was any virus-specific RNA detected by direct hybridization or after elution and rehybridization. The sensitivity of the hybridization reaction for the detection of SV40-specific RNA was studied in a calibration experiment (Table 4) (Cpm retained on SV40 DNA filter) -(cpm retained on E. coli filter).
(Total RNA input cpm X cpm of the control RNA (1809) alone were reacted with SV40 or E. coli DNA, a maximum of 0.2 netcpm per 106 cpm of input RNA was bound.
Hybridization competition studies: Unlabeled RNA's from the hamster lines were compared as to their ability to interfere with the hybridization of radioactive RNA from an S+T+ line with SV40 DNA. When the ratio of unlabeled RNA to radioactive RNA was 1.0, the degree of competition was 8 per cent with KB cell RNA, 11 per cent with RNA from the T-S-control line, and 12 per cent with RNA from the T-S+ cell line (Fig. 2) Discussion.-The virus-specific RNA that is produced during acute infection by SV40 has been divided into two classes: those transcribed from the input viral DNA prior to viral DNA replication (from "early" genes), and those species transcribed after viral DNA replication (from "late" genes).18 This division promises to be useful in the genetic analysis of SV40. In view of the small molecular weight (3 X 106 D) of SV40 DNA"9 and current evidence for a number of "late" gene functions,20 one can predict that only a small number of "early" genes exist, one of which may well be involved in viral carcinogenesis. SV40 T antigen appears to be the product of such an "early" gene. been suggested that the S antigen is specifically induced by SV40 and that it appears before the replication of viral DNA.2 In testing the proposition that the S antigen is the product of an "early" gene, we first obtained optimal conditions for detecting SV40-specific RNA in transformed cells. With these conditions we could readily detect virus-specific RNA in each of the cell lines that was positive for the T antigen. The calibration curve indicated that we could detect 1 cpm of virus-specific RNA per million cpm of input H3-RNA, although it is not possible to state how many host and/or virus molecules these numbers represent.
Given this limitation, we were unable to detect virus-specific RNA in the S +T-lines even when the sensitive tests of elution-rehybridization and hybridization-competition were utilized. It appears, therefore, that the S antigen is not coded for directly by the SV40 genome and that no virus-specific RNA is needed for the continued presence of S antigen in the cell lines examined. Bearing on this result is the finding of Tevethia et al., who failed to demonstrate any correlation between S antigen and another virus-specific antigen, transplantation antigen.22 This does not contradict the current evidence that S antigen is specifically induced by SV40.1-3 This "induction" could reflect a permanent derepression of the host genome after its temporary exposure to SV40, or could, by some unknown mechanism not associated with the synthesis of virus-specific RNA, be the result of the persistence of virus DNA in S+T-cells. Studies are now in progress to determine if SV40 DNA is, in fact, present in the S+T-cells.
